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Description 

This invention relates generally to systems for 
administering parenteral fluids to a patient, and, more 
particularly, to systems of this type having an infusion 5 
apparatus for infusing the fluid into the patient's vas- 
cular system. 

Systems of this particular type have enjoyed 
widespread usage in hospitals for administering 
parenteral fluids at precise rates. The systems are 10 
useful for both venous and arterial infusions and typi- 
cally include an infusion pump and an associated con- 
trolling device for pumping the parenteral fluid through 
a fluid tube and needle to the patient's vein or artery. 

One drawback to conventional infusion pump is 
systems of this type is that the needle can sometimes 
become dislodged from the patient's vein or artery. 
This will normally cause an increase in back pressure, 
but the pump wD! nevertheless continue to pump fluid 
at substantially the same fixed rate. The fluid theref- 20 
ore can infiltrate into the patient's body tissue and 
cause severe damage. Similarly, the needle can 
sometimes become dislodged from the patient 
entirely, yet the pump will continue to pump the fluid 
at the same fixed rate. 25 

One known prior technique for detecting fluid infil- 
trations is to monitor the patient's skin temperature in 
the vicinity of the needle. Since the parenteral fluid is 
ordinarily cooler than the patient's body temperature, 
and since the fluid is not carried away as rapidly when 30 
an infiltration occurs, an infiltration will ordinarily 
create a temperature drop in the vicinity of the needle. 
Thus, whenever a drop in skin temperature is detec- 
ted, it is deduced that an infiltration is occurring. This 
technique is not believed to have proven completely 35 
satisfactorily in all circumstances, such as, for 
example, when the parenteral fluid has a temperature 
substantially the same as that of the patient's blood. 

Other known prior techniques for detecting an 
infiltration of a parenteral fluid into a patient's body tis- 40 
sue involve intervention by hospital personnel. In one 
such technique, an attendant visually inspects the 
region around the needle, to detect any swelling that 
might indicate an infiltration. In another technique, 
useful only when the fluid is being administered from 45 
a bottle under the force of gravity, the attendant 
periodically lowers the bottle to an elevation below the 
needle such that fluid flows outwardly from the 
patient If when this is done the patient" s blood does 
not appear in the fluid tube, it can be deduced that the so 
needle is not in fluid communication with a vein or 
artery. Neither of these techniques has proven to be 
entirely satisfactory, one reason being that they both 
require the presence of trained hospital personnel 
and cannot be performed automatically. 55 

Still another prior technique for detecting infil- 
trations and other fault conditions is used in a paren- 
teral administration system that regulates flow rate 
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using a pinch valve located in the fluid tube, between 
a drop chamber and the patient In particular, the 
pinch valve is controllably adjusted in order to main- 
tain the frequency of fluid drops into the drop chamber 
at a selected value. If the limits of the pinch valve are 
exceeded in attempting to maintain the selected drop 
frequency, it is deduced that a fault condition Is pre- 
sent Operator Intervention is still required, however, 
in order to determine the particular type of fault con- 
dition, e.g. an infiltration, that Is present 

EP-0096849-A3, published 28th December 
1983, discloses a method and apparatus for detecting 
occlusions in a parental administration system of a 
type having a peristaltic pump for pumping a fluid 
through a feeding tube to a patient A pressure trans- 
ducer measures the cycliciy varying pressure of the 
fluid in the feeding tube and produces a correspond- 
ing pressure signal, and a comparator compares the 
pressure signal to a selected one of several 
thresholds, depending on the current stage of the 
pumping cycle. An occlusion alarm is actuated 
whenever the selected threshold is exceeded. The 
device of EP 0096849 A3 is still, however, limited in 
its applications. 

DE-A-3018641 discloses a parenteral infusion 
system having a peristaltic pump for Infusing fluid into 
a vein of a patient A pressure operated switch is oper- 
ated when the pressure of the fluid supplied to the 
patient exceeds a predetermined level. Similarly, a 
flow sensor senses the rate of flow of infusion fluid to 
the patient The apparatus operates an alarm and 
stops the peristaltic pump when the pressure switch 
is not operated and the flow rate Is zero ; when the 
flow rate is zero and the pressure switch Is operated 
or when the pressure switch is not operated but the 
flow rate is high. In the apparatus of DE-A-3018641, 
however, the pressure operated switch is simply a 
two-state device being in a first state when the press- 
ure is below a predetermined threshold and in a sec- 
ond state when the pressure is above the 
predetermined threshold. 

US-A-4129125 discloses a heartbeat see e.g. 
also US-A-2699465 sensing device wherein micro- 
phones or electrodes are employed to sense the heart 
activity. A microprocessor filters out" ambient pulses 
which are the result of muscle movements etc, (where 
electrodes are used) or filters out ambient noises 
(where microphones are used). Although US-A- 
4129125 contains little information as to the filtering 
involved, it seems highly probable that the "filtering* 
concerned Is, at least to the extent that it Is frequency 
selective, low-pass filtering, although it may be that 
the "filtering" in question, since it is carried out by the 
microprocessor, is a synchronisation technique of the 
kind in which a detection "window" Is opened cydt- 
cally and signals are detected as heartbeat signals 
only if they occur within the window concerned. This 
technique is, of course, least effective in eliminating 
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signals of long duration, (I.e. low frequency signals) 
and most effective In filtering out signals of short dura- 
tion fi.e. having substantial high frequency compo- 
nents). It further seems, since the "filtering* is said to 
be earned out by the microprocessor, that there wfll be 
no filtering, in a strict sense, in the device of US-A- 
4129125, Le. In the sense of there being an identifi- 
able 'signal* after filtering* which corresponds with a 
signal before filtering with some components 
removed. 

US-A-4277227 and US-A-4267834, which forms 
the basis for the precharacterising part of claim 1 , dis- 
closes apparatus which monitors the pressure of 
intravenous fluid supplied to a patient and acts to ter- 
minate such supply, by stopping the infusion pump, 
when a predetermined threshold is exceeded. Once 
again, the device is a simple two-state mechanism, 
being in one state when the pressure is above a pre- 
set threshold and another state when the pressure is 
below that threshold. 

It should be appreciated from the foregoing that 
there still is a need for an effective method and 
apparatus for automatically detecting faults such as 
infiltrations or an open line in a parenteral adminis- 
tration system of the type having an infusion device. 
The present invention fulfils this need. 

According to one aspect of the present invention, 
there is provided a fault detection apparatus for use 
with a parenteral fluid administration system having 
an infusion device for infusing a parenteral fluid 
through a fluid tube into the vascular system of a 
patient, the apparatus including pressure transducer 
means for monitoring the pressure of the fluid in the 
fluid tube and producing a corresponding pressure 
signal ; characterised by means for high-pass filtering 
the pressure signal to produce an a.c. pressure sig- 
nal, and means for evaluating the a.c. pressure signal 
to detect a dropout in signal components attributable 
to the patient's heartbeats and for producing the alarm 
signal if it detects such a dropout 

According to another aspect of the present inven- 
tion, there Is provided a method of detecting faults in 
operation of a parenteral fluid administration system 
having an infusion device for infusing parenteral fluid 
through a fluid tube to the various system of a patient, 
comprising the steps of monitoring the pressure of the 
fluid in the fluid tube and producing a corresponding 
pressure signal, characterised by the further steps of 
high-pass filtering the pressure signal to produce an 
a.c. pressure signal, evaluating the a.c. pressure sig- 
nal to detect a dropout in signal components attribut- 
able to the patient's heartbeats and producing an 
alarm if such a dropout is detected. 

An embodiment of the present invention is des- 
cribed below by way of example with reference to the 
accompanying drawings in which : 

FIGURE 1 (sa block diagram of a parenteral 

administration system having circuitry for detect- 


ing venous Infiltrations, arterial Infiltrations and 
open fluid lines and ; 

FIGURE 2 is a simplified schematic diagram of an 
arterial Infiltration detector suitable for use In the 
5 system of Figure 1 . 

Referring now to the drawings, and particularly to 
Figure 1 , there is shown fault detection circuitry 10 for 
use in a system for administering a parenteral fluid to 
the vascular system of a patient 11. The system 
10 includes a conventional Infusion pump 13 and 
associated pump controlling device 15 for pumping 
the parenteral fluid through a fluid tube 17 and needle 
1 9 to the patient The pump Is preferably of the peris- 
taltic type, which pumps the fluid in a cyclic fashion. 
15 One such suitable pump and an associated controller 
for controlling its speed are described in a copending 
and commonly-assigned application for U.S. Patent 
Serial No. 06/281 848 filed July 9, 1 981 , In the names 
of Stephen H. O'Leary et al and entitled "Method and 
20 Apparatus for Fluid Row Control". 

The pump controlling device 15 outputs a motor 
step signal for coupling on line 21 to the infusion pump 
1 3. The signal is a sequence of pulses, each of which 
increments the pump by one step, to infuse a pre- 
25 determined volume of parenteral fluid to the patient 
11. 

The parenteral administration system further 
includes a pressure transducer 23 and an associated 
amplifier 25. for monitoring the fluid pressure in the 

30 fluid tube 17 and producing a corresponding pressure 
signal for output on line 27. 

The fault detection circuitry 10 evaluates the 
pressure signal on line 27 to detect certain characteri- 
stic patterns indicative of an improper fluid communJ- 

35 cation between the fluid tube 17 and the patient's 
vascular system. An alarm 29 is actuated if the cir- 
cuitry detects such a condition. Such fault conditions 
include infiltrations of the fluid into body tissue other 
than the patient's vascular system, as well as a com- 

40 plete dislodging of the needle 19 from the patient 11 
or a leak or air bubble in the fluid tube. In this way, a 
proper administration of the parenteral fluid can be 
ensured without the need for frequent monitoring or 
testing by hospital personnel. 

45 More particularly, the fault detection circuitry 10 

includes a low infusion rate venous infiltration detec- 
tor 31 for detecting infiltrations when the infusion 
pump 13 is pumping parenteral fluid into the patient's 
venous system at a relatively low rate, and a high infu- 

50 sion rate venous infiltration detector 33 for detecting 
infiltrations when the pump is pumping fluid into the 
venous system at a relatively high rate. The fault 
detection circuitry further includes an arterial infil- 
tration detector 35 for detecting infiltrations when the 

55 pump is pumping fluid into the patient's arterial sys- 
tem, and an open line detector 37 for detecting when 
there is a leak of some kind or an air bubble in the fluid 
connection between the pump and the patient 11. 
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The system further Includes a mode switch 39 for 
indicating whether the system Is intended to adminis- 
ter parenteral fluid to the patient's venous system or 
arterial system. The system also includes an infusion 
rate detector circuit 41, operable whenever the switch 
indicates that the system is pumping fluid into the 
patient's venous system to indicate whether the fluid 
is being pumped at a relatively high rate or a relatively 
low rate. The switch 39 and detector circuit 41 are 
used to enable operation of the appropriate venous 
infiltration detector circuit 31 or 33 or arterial Infil- 
tration detector circuit 35, depending on the system's 
operating mode. 

More particularly, the mode switch 39 is a single- 
pole, double-throw switch having its middle terminal 
connected directly to ground and its two remaining ter- 
minals connected through separate resistors 43 to a 
positive voltage. The binary signals present on these 
two terminals are therefore opposite in phase to each 
other. One such signal is defined to be an arterial 
enable signal and the other is defined to be a venous 
enable signal. 

The arterial enable signal is coupled on line 45 
directly to the arterial infiltration detector circuit 35, 
and the venous enable signal is coupled on line 47 to 
the infusion rate detector 41. The infusion rate detec- 
tor circuit relays the venous enable signal to eitherthe 
low infusion rate venous infiltration detector 31 or the 
high infusion rate venous infiltration detector 33, 
depending on the infusion rate being effected by the 
infusion pump 13. 

The infusion rate detector circuit41 includes a fre- 
quency discriminator 49 for monitoring the motor step 
signal present on line 21 and producing an output sig- 
nal having a voltage level generally proportional to the 
motor step signal's frequency. This output signal is 
coupled on line 51 to the positive input terminal of a 
comparator 53, which compares it with a selected 
reference level coupled to its negative input terminal. 
The reference level is supplied on line 55 from the 
wiper of a potentiometer 57, whose remaining two ter- 
minals are connected between ground and a positive 
supply voltage. If the discriminator output signal 
exceeds the threshold, indicating that the infusion 
pump 13 is pumping at a relatively high rate (e.g. 
above about 40 ml per hour), the comparator outputs 
a positive voltage level. On the other hand, if the dis- 
criminator output signal does not exceed the 
threshold, indicating that the pump is pumping at a 
relatively low rate, the comparator outputs a low volt- 
age level signal. 

The signal output by the comparator 53 is coupled 
on line 59 to a first AND gate 61 for ANDing with the 
venous enable signal supplied on line 47 from the 
mode switch 39. This produces a high infusion rate 
venous enable signal for coupling on line 63 to the 
high infusion rate venous infiltration detector 33. The 
detector 33 is thereby enabled to detect infiltrations 


whenever a venous Infusion rs selected by the mode 
switch and the infusion rate exceeds the prescribed 
threshold. 

The signal output by the comparator 53 of the 

5 infusion rate detector 41 is also coupled on line 59 to 
a NOT gate 65, for inversion and coupling in turn on 
line 67 to a second AND gate 69, where It is ANDed 
with the same venous enable signal present on line 
47. The resulting low infusion rate venous enable slg- 

10 nal is coupled on line 71 to the low infusion rate ven- 
ous infiltration detector 31. This detector 31 is thereby 
enabled whenever a venous infusion is selected by 
the mode switch 39 and the infusion rate does not 
exceed the prescribed threshold. 

15 With reference now to Figure 2, there is shown a 

simplified schematic diagram of the arterial infiltration 
detector 35 of Figure 1. In the detector 35 irrfiltrations 
into the patient's body tissue separate from his arterial 
system are detected by monitoring the pressure slg- 

20 nal to detect dropouts in the pressure variations 
caused by the patient's heartbeat 

More particularly, the arterial infiltration detector 
35 of Figure 2 includes a 0.1 Hz high-pass filter 177, 
a level detector with hysteresis 179, a frequency dis- 

25 criminator 181 and a comparator 183. The high-pass 
filter filters the pressure signal supplied on line 27 to 
remove its dc level and pass only the successive 
pulses representative of the patient's heartbeats. The 
heartbeat pulses are present in the pressure signal 

30 whenever the fluid tube 17 and the needle 19 (Figure 
1 ) are coupled directly to the patient's arterial system. 
The high-pass filtered signal is coupled on line 185 to 
the level detector, which converts the signal to a cor- 
responding pulse sequence signal. The level detector 

35 detects only pulses having a magnitude of at least 
about 15 cm H 2 0. The pulse sequence produced by 
the level detector is coupled on line 185 to the fre- 
quency discriminator, which produces an output sig- 
nal having a level proportional to the frequency of its 

40 input signal. 

Thus, if the needle 19 is properly inserted into the 
patient's arterial system, the heartbeats will be rep- 
resented in the pressure signal and the frequency dis- 
criminator 181 will output a relatively high voltage 

45 level signal. On the other hand, if the needle is not 
properly inserted into the patient's arterial system, the 
heartbeats will not be represented in the pressure sig- 
nal and the frequency discriminator will output a rela- 
tively low level signal. 

50 The discriminator output signal is coupled on line 

187 to the negative input terminal of the comparator 
183, which compared it with a selected positive refer- 
ence level supplied to its positive input terminal on line 
189 from a potentiometer 191. Thus, if the frequency 

55 discriminator output signal ever drops belowthe refer- 
ence level, the comparator outputs a positive voltage 
level. The reference level preferably corresponds to a 
pulse frequency of about 15 beats per minute. 
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The signal output by the comparator 183 is coup- 
led on line 1 93 to an AND gate 1 95, where it is ANDed 
with the arterial enable signal supplied on line 45. If 
both signals are at a positive level, it is deduced that 
an arterial infiltration has occurred and the AND gate 5 
outputs a corresponding signal for coupling on line 
1 97 to a latch 199. The latch, in turn, outputs the alarm 
signal for coupling on line 157 to the alarm 29 (Figure 

1). 

The alarm 29 is responsive to any of the four 10 
alarm signals coupled to it on lines 73, 97, 157 and 
201 from the fault detection circuitry 10. it indudes a 
four-input OR gate that ORs together the four signals 
and actuates a visual or audible indicator whenever 
any of the signals is high. It further includes a switch 15 
for use in selectively clearing the latches or flip-flops 
at the output stage of each detector in the fault detec- 
tion circuitry. 

It should be appreciated from the foregoing des- 
cription that the present invention provides an 20 
improved apparatus and related method for detecting 
fault conditions such as an infiltration or an open line 
in a parenteral administration system. The apparatus 
is particularly adapted for use with a system of the 
type that indudes a pulsing infusion pump for incre- 25 
mentally pumping a parenteral fluid through a fluid 
tube and needle to a patient's vascular system. 


Claims 30 

1. Fault detection apparatus for use with a paren- 
teral fluid administration system having an infusion 
device (13) for infusing a parenteral fluid through a 
fluid tube (17) into the vascular system of a patient, 35 
the apparatus Induding pressure transducer means 

(23) for monitoring the pressure of the fluid in the fluid 
tube and producing a corresponding pressure signal; 
characterised by means (177) for high-pass filtering 
the pressure signal to produce an a.c. pressure sig- 40 
nal, and means (179, 181, 183, 195, 199) for evaluat- 
ing the a.a pressure signal to detect a dropout in 
signal components attributable to the patient's ■ 
heartbeats and for producing the alarm signal if it 
detects such a dropout 45 

2. A method of detecting faults in operation of a 
parenteral fluid administration system having an infu- 
sion device (13) for infusing parenteral fluid through a 
fluid tube (17) to the vascular system of a patient, 
comprising the steps of monitoring the pressure of the so 
fluid in the fluid tube and producing a corresponding 
pressure signal, characterised by the further steps of 
high-pass filtering the pressure signal to produce an 

a.c. pressure signal, evaluating the a.c. pressure sig- 
nal to detect a dropout in signal components attribut- 55 
able to the patient's heartbeats and producing an 
alarm if such a dropout is detected. 

3. Apparatus according to claim 1 wherein said 


means for evaluating the a.c. pressure signal indudes 
a level detector (179), with hysteresis, arranged to 
receive the filtered signal from said high-pass filter 
(1 77) and to convert said signal Into a pulse sequence 
signal, a frequency discriminator (181) arranged to 
receive said pulse sequence signal and to produce an 
output signal having a level proportional to the fre- 
quency of said pulse sequence signal, and a com- 
parator (183) having one input connected with the 
output of said frequency discriminator and another 
Input connected with a voltage reference (191). 


Patentanspruche 

1. Fehlererfassungsvorrichtung zur Verwendung 
mit einem Verabreichungssystem fur parenterale 
Fiuide, mit einer Infusionsvorrichtung (13) zum EinieJ- 
ten eines parenteral en Fluides durch ein Fluidrohr 
(17) in das GefaBsystern eines Patienten, wobei die 
Vorrichtung eine Druckwandiereinrichtung (23) zum 
Qberwachen des Druckes des Fluides in dem Flui- 
drohr zum Erzeugen eines entsprechenden Drucksl- 
gnales umfa&t ; gekennzeichnet durch Mittel (177) fur 
die HochpaSfDterung des Drucksignales zum Erzeu- 
gen eines Gleichstrom-Drucksignales und ein Mittel 
(179 ( 181, 183, 195, 199) zum Auswerten des Gleich- 
strom-Drucksignales, um einen Aussetzfehler in 
Signalkomponenten zu erfassen, welche den Herz- 
schlagen des Patienten zuordenbar sind, und zum 
Erzeugen eines Alarmsignales, wenn es einen sol- 
chen Aussetzfehler erfa&t. 

2. Verfahren zum Erfassen von Fehlem beim 
Betrieb eines Verabreichungssystemes fur parente- 
ral es Fluid mit einer Infusionsvorrichtung (13) zum 
Einleiten parenteralen Fluids durch ein Fluidrohr (17) 
an das Gefa&system eines Patienten, mit den Schrit- 
ten des Uberwachens des Druckes des Fluids in dem 
Fluidrohr. und des Erzeugens eines entsprechenden 
Drucksignales, gekennzeichnet durch die weiteren 
Schritte des Hochpa&filtems des Drucksignales zum 
Erzeugen eines Gleichstrom-Drucksignales, Auswer- 
ten des Gleichstrom-Drucksignales zum Erfassen 
eines Aussetzfehlers in Signalkomponenten, welche 
dem Herzschlag des Patienten zuordenbar sind, und 
Erzeugen eines Alarms, wenn ein solcher Aussetz- 
fehler erfaSt wird. 

3. Vorrichtung nach Anspruch 1 , bei der das Mittel 
zum Auswerten des Gleichstrom-Drucksignales 
einen Niveaudetektor (179), mit Hysterese, angeord- 
netzum Empfangen des gefilterten Signales aus dem 
HochpaRfilter (177) und zum Umwandein des Signa- 
les in ein Pulssequenzsignal, einen Frequenzdiskri- 
minator (181), angeordnet zum Empfangen des 
Pulssequenzsignales und zum Erzeugen eines Aus- 
gabesignals mit einem Wert proportional zur Fre- 
quenz des Pulssequenzsignales, und einem 
Komparator (183) mit einem Eingang, der mit dem 
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Ausgang des Frequenzdiskriminators verbunden 1st, 
und einem anderen Eingang, der mit einer Span- 
nungsreferenz (191) verbunden 1st, umfafct 


Revendications 

1. Apparefl de detection de defauts destine a i 'uti- 
lisation avec un systeme d'administration de fluide 
parenteral ayant un dispositif de perfusion (13) des- 10 
tin6 a perfuser un fluide parenteral par rintenmediaire 
d'un tube de fluide (17) dans le systeme vasculare 
d'un patient, Pappareil comprenant un capteur de 
pression (23) pour surveBler la pression du fluide dans 

le tube de fluide et produire un signal de pression 15 
correspondent; caractSrise" par des moyens (177) 
destines a flltrer en passe-haut le signal de pression 
pour produire un signal de pression en courant alter- 
nate, et des moyens (179. 181, 183, 195, 199) desti- 
nes a evaluer le signal de pression en courant 20 
altematif pour detecter une perte de niveau ou effa- 
cement dans tes compos antes du signal imputable a 
la frequence cardiaque du patient et pour produire le 
signal d'aJarme si une chute ou perte de niveau est 
d6tectee. 25 

2. Proc£d6 de detection de defauts dans le fonc- 
tionnement d'un systeme d'administration de fluide 
parenteral ayant un dispositif de perfusion (13) pour 
la perfusion de fluide parenteral par un tube de fluide 

(17) au systeme vasculare d'un patient comprenant 30 
les etapes consistantasurveilierla pression du fluide 
dans le tube de fluide et a produire un signal de pres- 
sion conrespondant, caract6rise par les etapes sup- 
piementaires de filtrage passe-haut du signal de 
pression pour produire un signal de pression en cou- 35 
rant altematif, a evaluer le signal de pression en cou- 
rant altematif pour detecter une perte de niveau ou 
efFacement dans les composantes de signal imputa- 
ble a la frequence cardiaque du patient et a produire 
une alarme si une chute ou perte de niveau est deteo- 40 


3. Appareil selon la revendication 1, dans lequel 
les moyens destines a evaluer le signal de pression 
en courant altematif comprennent un detecteur de 
niveau (179) avec hysteresis, dispose de fa$on a 45 
recevoir ie signal filtre provenant du filtre passe-haut 
(177) et a convertir ce signal en un signal de 
sequence de pulsations, un discriminates de fre- 
quences (181) dispose de fa$on a recevoir le signal 
de sequence de pulsations et pour produire un signal so 
de sortie ayant un niveau proportionnel a la frequence 
du signal de sequence de pulsations, etun compara- 
teur (183) ayant une entree relive a la sortie du dis- 
criminateur de frequences et une autre entree relt6e 
a une reference de tension (191). 55 
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